Single cis-2 regioisomer of ethylene-tethered indene dimer-fullerene adduct as an electron-acceptor in polymer solar cells
Å), and the GI-WAXS patterns were recorded with a 2-D image detector (Pilatus 300K).
Samples for the X-ray measurements were prepared by spin-coating the P3HT:fullerene solution on the ITO/PEDOT:PSS substrate. Solvent and thermal annealing was cunducted after the spin-coating.
Photocurrent-voltage characteristics were measured by Keithley 2400 SourceMeter under an argon atmosphere and simulated solar light (100 mW cm −2 , AM1.5) with OTENTO-SUN III solar simulator (Bunkoukeiki). Photocurrent action spectra were recorded with
CEP-2000RR (Bunkoukeiki). Current−voltage characteristics of the electron-only devices for
space-charge-limited current (SCLC) measurements were conducted using Keithley 2400
SourceMeter under an argon atmosphere.
Materials. C 60 (99.98%) was obtained from MTR Ltd. and used as-received. All other solvents and chemicals were of reagent-grade quality, purchased commercially, and used without further purification unless otherwise noted. Thin layer chromatography (TLC) and column chromatography were performed with Silica gel 60 F 254 (Merck) and SiliaFlash F60
(230-400 mesh; SiliCycle Inc.), respectively.
Synthesis.
1,2-Bis(3-indenyl)ethane (BIE): BIE was synthesized acrording to a literature procedure S1 with slight modifications. 4Å molecular sieves (0.5 g) were add into 300-mL flask and activated with flame under vacuum. Then indene (13.9 g, 120 mmol) and dry THF (150 mL)
were added via syringe under argon atmosphere and the mixture were cooled to -78°C.
n-Butylllithium (1.6 M solution in hexane, 78 mL, 125 mmol) was injected dropwise. The 145.30, 141.51, 128.81, 126.81, 125.37, 124.51, 119.68, 38.20, 26.96 . IR (ATR): ν max /cm -1 3058, 3015, 2896, 2838, 1605, 1573, 1460, 1439, 1394, 1246, 1231, 1167, 1120, 1053, 1013, 965, 920, 799, 765, 735, 712 were dissolved in 1,2,4-trichlorobenzene (120 mL) and stirred at 210°C for 48 h under argon atmosphere. Subsequently, the reaction mixture was poured into CH 3 OH (600 mL) and filtrated. The residue was dissolved with CS 2 and absorbed on silica gel. The unreacted C 60 , mono-BIEC (57.4 mg, yield 2%), bis-BIEC (1.7 g, yield 58%), and multi-BIEC were eluented in this order by silica gel column chromatography with hexane/CS 2 = 2/1. bis-BIEC was a mixture of regioisomers and three components were further isolated by preparative HPLC equiped with Buckyprep columns. The ratio of the three fractions was 10 : 83 : 7 according to 71, 159.94, 156.32, 149.76, 149.03, 148.77, 148.67, 148.06, 148.00, 147.92, 147.58, 147.46, 147.39, 147.24, 147.10, 147.01, 146.69, 146.56, 146.46, 146.13, 146.02, 145.91, 145.83, 145.74, 145.49, 145.31, 145.21, 145.12, 145.07, 144.96, 144.94, 144.83, 144.69, 144.46, 144.38, 144.15, 143.95, 143.88, 143.82, 143.70, 142.78, 142.67, 141.85, 141.11, 140.37, 139.81, 139.40, 135.81, 134.27, 133.69, 133.01, 131.33, 127.24, 127.05, 126.60, 126.47, 124.67, 123.03, 122.15, 120.82, 120.72, 120.18, 73.30, 73.22, 72.47, 71.67, 64.24, 64.02, 56.24, 54.36, 52.79, 48.51, 28.63, 25.26 147.07, 146.64, 146.26, 146.17, 146.15, 146.01, 145.77, 145.74, 145.67, 145.32, 145.28, 145.24, 145.22, 145.17, 145.03, 145.02, 145.00, 144.90, 144.77, 144.52, 144.47, 144.45, 144.23, 144.19, 144.09, 142.94, 142.64, 142.54, 142.50, 142.36, 142.10, 142.08, 142.00, 141.96, 141.91, 141.87, 141.77, 141.59, 141.55, 140.01, 139.59, 139.54, 139.28, 137.52, 137.27, 137.19, 137.06, 128.39, 127.30, 127.26, 126.20, 124.78, 124.27, 124.00, 123.08, 118.99, 78.91, 77.11, 65.31, 56.68, 48.10, 37.81, 31.41, 28.97, 24.58 Quantum Chemical Calculation. Geometry optimization and electronic structure calculations for the fullerene compounds were performed using density functional theory (DFT) at the RB3LYP/6-31G (d) level. The calculations were carried out with Gaussian 09 software package using a spin-restricted formalism. 7. The second component was collected and characterized as the cis-2 isomer (cis-2-BIEC).
The characterization of the first and third components could not be conducted due to the low yields. 
